Femoral artery injury after femoral fracture fixation is a rare complication. Previous literature studies focused mostly on proximal femur fracture. We described a case of superficial femoral artery entrapment after internal fixation augmented with cerclage wire. An 80-year-old female underwent fixation with distal femur locking compression plate augmented with cerclage wire. Six hours after the operation, she developed pulseless limb and computed tomography angiogram showed femoral artery entrapped by cerclage wire. After vascular exploration and cerclage wire removal, the femoral artery returned to normal flow without further complication. We review available literature studies on vascular injury after cerclage wiring especially in the distal part of the femur, the so-called safe zone, for the great care needed before cerclage wiring and the importance of immediate diagnosis and treatment.
Introduction
Orthopaedic fracture associated with vascular injury is a potentially limb-threatening or even life-threatening condition. 1 The known rate of vascular injury in orthopaedic fracture ranges from 1.6% to 2%. 2 Although the incidence of superficial femoral artery injury is low, the anatomy of distal femur predisposes the vessels to injury as the superficial femoral artery runs through adductor hiatus and becomes popliteal artery. It is tethered proximally by the adductor hiatus and distally by the soleus arch. 2 The causes of vessel injuries included open fracture, segmented or displaced fracture fragment, penetrating injury and traction force to vessels. Furthermore, iatrogenic injuries caused by instrumentation, reduction tools and screws could damage the vessels. 3 Cerclage wiring became popular as assisted tools for fracture reduction and adjunct fixation. It can be used to reduce the displaced fragment and increase bone contact. In the proximal part of the femur, cerclage wiring showed less risk to femoral vessels than in the distal part. 3 In this case, we pointed out the risk of injury of the femoral artery after cerclage wiring of the distal femur and described its complications and how to manage these problems systematically.
Case Report
An 80-year-old female was admitted to the hospital with history of minor fall. She could not move her left leg due to severe pain. She was 42 kg in weight and 145 cm in height. Radiographs showed displaced, oblique fracture of the distal shaft of the left femur, Association for the Study of Internal Fixation /Orthopaedic Trauma Association (AO/OTA) 33-A1.2 ( Figure 1 ). She underwent surgery 2 days after the accident with open reduction and internal fixation with distal femur locking compression plate augmented with cerclage wire (Figure 2 ). She was on lateral decubitus position. The cerclage wiring was aimed to assist reduction before fixation. During cerclage wiring, the single wire was placed in regular subperiosteal fashion with the assistance of a standard L-size cerclage passer (DePuy Synthes, PA) ( Figure 3 ). The procedure was achieved in 45 minutes without difficulty, and immediate postoperative distal neurovascular evaluation by manual palpation showed no abnormality.
Six hours after the operation, her left leg was colder than the other side without severe pain. Her dorsalis pedis and posterior tibial pulse were absent when detected by both palpation and Doppler ultrasound. Computed tomography angiogram was performed and revealed superficial femoral artery entrapment by cerclage wire on her left femur with near-total occlusion ( Figure 4 ). Emergency cerclage wire removal and femoral artery exploration were performed by a vascular surgeon with a medial approach to the femoral artery. We found the cerclage wire belted directly over superficial femoral artery with some muscle tissue encasement. There was no penetrating injury or contusion to the artery. After cerclage removal, the superficial femoral artery had normal flow, and both dorsalis pedis and posterior tibial pulse could be palpated. She received only single dose of an anticoagulating agent. There was no further wound complication. She had recovered and was able to ambulate with gait aid afterwards. She had been eventually discharged from the hospital 12 days after the surgery. On the short-term follow-up, her femur healed gradually in 3 months, and she could walk independently ( Figure 5 ).
Discussion
The incidence of femoral artery injury after femoral fracture is rare but could be catastrophic. 2 Noniatrogenic causes of femoral artery injury include segmented or bone spike of displaced fracture fragment, penetrating injury and direct traction force to vessels.
Iatrogenic causes are inappropriate use of sharp drill bit, reduction clamp, retractor, penetrating screws and wire during fracture reduction and fixation. 1,3 From our case report, the patient underwent cerclage wiring that encased superficial femoral artery and surrounding muscles. The patient developed cold and pulseless limb 6 hours after the operation. Emergency cerclage removal definitely helped returning to normal condition. Previous reviews of femoral artery injury after fracture fixation mostly occurred in the proximal part of the femur. 3e5 In the distal part of the femur, the superficial femoral artery comes close to the femur as it enters adductor hiatus, where it is tethered proximally by the hiatus and distally by the soleus arch. This allows little space for movement during fracture reduction and fixation. Therefore, displaced fracture causes higher risk to the vessel injury in distal femur. 2 Acute presentation such as swelling, compartment syndrome, wound leakage and weak or absent distal pulse will be observed if the vessel was severely injured. In contrary, if minor injury occurred, clinical presentation is delayed and included pain, swelling, evolving anaemia or late aneurysm. Historically, there was a theory that cerclage wiring led to a strangulation of periosteal vascularisation, resulting in bone necrosis and nonunion. 6 Actually, a real periosteal devascularisation comes from extensive surgical dissection and stripping to expose and reduce the fracture, causing possible bone necrosis and other complications. 6 At present, cerclage wiring is still a useful technique when properly applied, especially in difficult fractures. It can obtain anatomic reduction, leading to decreased risk of nonunion.
Comparing open and closed techniques, open wiring technique is thought to be safer for neurovascular injury with the expense of devitalised tissue, whereas there is concern of vessel injury with the percutaneous minimally invasive technique. 7 Mehta V et al reported a superficial femoral artery and vein ligation by a femoral midshaft cerclage during revision total hip arthroplasty. 3 Aleto T et al described the same complication in the proximal femur during revision total hip arthroplasty. 4 Won Y et al reported a devastating outcome after intramedullary nailing augmented with multiple cerclage wiring for femoral shaft fracture and pointed out the necessity of multiple wires. 8 On fracture reduction and cerclage wiring, Yang KH et al found the position of femoral artery changes according to the position of the limb. The neutral or abduction position of the limb provides safer distance between the femur and the artery than the adduction. 9 From the cadaveric and live human participants, Narulla RS et al demonstrated large safe zone for the superficial femoral artery on computed tomography angiography at around 172.5 ± 40.9 mm proximal to the adductor tubercle. 10 In this case, the surgeon used lateral decubitus position which may cause the thigh in slightly adducted position, while the patient is quite thin with less muscle belly around femur, resulting in an increased risk for femoral artery injury. The L-size cerclage passer may be too large for the small, elderly Asian patient, and it may cause vascular entrapment during cerclage wiring. Even though the surgeon used open wiring technique and the position of wire was in the safe zone, the femoral artery entrapment still happened. After the operation, immediate vascular examination of the distal pulse showed it was still palpable. This might be because partial occlusion of the superficial femoral artery occurred or there was adequate collateral circulation at that time which gradually became near-total occlusion as time passed. This may imply that even if the surgeon checks the distal pulse immediately after the operation, this complication still occurs. Fortunately, the vessel injury was detected soon enough and was corrected immediately. There was not any long-term complication in this case.
In conclusion, we emphasise that the risk of femoral artery injury after open reduction and cerclage wiring at the distal femur is very real and can cause catastrophic complications. The distal femoral area may have a higher risk due to the proximity of the femoral artery and the femur. The surgeon should pay extra attention to make sure the wire passer goes subperiosteally without trapping the medial soft tissue. Early and serial neurovascular check is mandatory after fixation as delayed diagnosis and treatment lead to disastrous outcomes. Routine Doppler ultrasound may be useful to detect postoperative vascular complication but may not feasible in every case. The most importance treatment for a vascular injury after fracture fixation is prevention, and the surgeon will have to weigh the risk and benefit of any augmented fixation before use.
